Background: Evaluation of shoulder joint laxity is an important component of the shoulder examination, especially in the setting of shoulder instability. Measures of generalized joint laxity, particularly the Beighton score, are often recorded and used to help make management decisions in these cases. However, no evidence is available to show that the Beighton score corresponds to specific measures of shoulder joint laxity.
Traumatic shoulder joint instability is a common clinical condition and is associated with high rates of recurrence. In patients who experience instability prior to age 30 years, recurrence rates of up to 90% have been reported. 9 Surgical stabilization is often indicated and has been shown to significantly reduce the risk of recurrent instability. 7 A number of intrinsic and extrinsic factors must be considered when one is identifying suitable surgical candidates and determining the most appropriate form of surgical intervention. Shoulder joint laxity is one of these factors. 2, 4 An assessment of shoulder joint laxity is used as part of the Instability Severity Index Score, an externally validated and frequently cited tool used to predict the risk of recurrent instability after arthroscopic stabilization. 2 Along with evaluating other clinical features, this measure assesses glenohumeral external rotation and abduction to reflect anterior or inferior shoulder joint laxity. We use this scoring system in clinical practice to determine whether to use an arthroscopic Bankart or a Bristow-Laterjet procedure to treat shoulder instability.
Determining true laxity of the glenohumeral joint can be challenging because of the complexity of the combined motions of the glenohumeral and scapulothoracic articulations. Traditional measures of shoulder joint laxity involve the assessment of anterior and posterior glenohumeral translation, techniques that have been shown to be poorly reproducible and for which abnormal laxity values have been difficult to define. 13, 25 For these reasons, many practitioners also routinely assess for signs of generalized joint laxity (GJL), on the assumption that this corresponds to laxity of soft tissue structures at the shoulder joint. The Beighton and Horan Joint Mobility Index, commonly referred to as the Beighton score, is the most widely used measure of GJL. 27 This tool is popular because of its simplicity and reported excellent intraobserver and interobserver reliabilities. 3 Several studies suggest that individuals with GJL as defined by the Beighton score are at increased risk of certain musculoskeletal injuries. 27 Less consistent evidence is available demonstrating an association between the Beighton score and a history of shoulder instability, 12, 20, 22 although a number of review articles continue to include GJL as a risk factor for recurrent instability. 18, 24 For the Beighton score to be considered relevant to the assessment of shoulder laxity, new data are required that demonstrate a significant correlation between the variables described above. The purpose of this study was to compare the Beighton score with validated measures of shoulder laxity in a large group of participants with no history of shoulder abnormality. We aimed to determine whether the Beighton score corresponds with these measures, which may clarify whether it is an appropriate tool to guide management decisions in patients evaluated for shoulder instability.
METHODS
Approval for this study was given by the Human Participants Ethics Committee at the University of Auckland (reference No. 016893). Data were collected from a convenience sample of participants evaluated at a single sports medicine clinic between April and December 2016. Participants were aged between 16 and 35 years and were excluded if they had any history of shoulder joint abnormality or any systemic disorder affecting joint movement and/or function. After each participant answered a standardized questionnaire that assessed whether he or she met the study criteria, the participant underwent focused clinical examination performed by a single examiner (N.A.W.).
The presence or absence of GJL was determined by assessment of the Beighton score. The Beighton score involves 9 separate range of motion measurements as follows:
Trunk and hip flexion-a positive test defined as the ability to place the palms flat on the floor while keeping the knees extended. Bilateral knee extension-a positive test defined as at least 10 of hyperextension. Bilateral elbow extension-a positive test defined as at least 10 of hyperextension. Bilateral thumb to forearm apposition-a positive test defined as the ability to appose the thumb and volar aspect of the forearm. Bilateral little finger extension-a positive test defined as at least 90 of hyperextension.
The technique of assessment was performed as described by Boyle et al 3 in their reproducibility study and is demonstrated in Figure 1 . Each positive test was awarded 1 point, and the composite score was placed in one of two categories, 0-3 (negative for GJL) and 4-9 (positive for GJL). 27 Standing glenohumeral external rotation was assessed as performed for the Instability Severity Index Score. 2 The participant's elbows were flexed to 90 with forearms in a neutral pronated position. The elbows were kept in contact with the trunk in the midaxillary line, and the participant was instructed to actively, externally rotate at both shoulders as far as able without lifting or shifting the position of the elbows. The examiner measured the range of external rotation with a goniometer using the ulnar styloid as a reference point. A result greater than 85 for this test was considered positive for anterior joint laxity. 2 External rotation was also assessed with the participant supine, as described by Ropars et al 23 (the "elbow on the table" method). The participant's elbow was flexed to 90 and rested by the participant's side on the examination table. A gentle pressure was applied to the participant's wrist, encouraging external rotation at the shoulder until resistance was felt. Range of external rotation was measured with a goniometer as described above and was considered positive for anterior joint laxity if greater than 90 . 23 The range of passive glenohumeral abduction as a measure of inferior joint laxity was performed as described by Gagey and Gagey 6 and used in the Instability Severity Index Score. 2 The examiner stood behind the participant, pressing down on the shoulder girdle at its lowest position to stabilize the scapula. The relaxed upper limb was lifted into abduction until resistance was felt. The examiner measured range of motion with a goniometer with the fulcrum placed over the posterior process of the acromion and using the lateral epicondyle of the humerus as a reference point. The test was considered positive if the range of movement was greater than 105 . 6 The sulcus sign was performed with the participant sitting on the examination table with his or her arm relaxed at the side and with the shoulder in a position of neutral rotation. The examiner placed a hand on the participant's shoulder to stabilize the scapula while applying a distracting force by using the other hand to pull down on the participant's arm. The magnitude of inferior glenohumeral joint translation was estimated by observing the formation of a sulcus between the inferior margin of the acromion and the humeral head and was graded 0 to 1 (<1 cm), 2 (1-2 cm), or 3 (>2 cm). A sulcus sign of grade 2 or 3 was considered significant. The examination techniques used to assess shoulder joint laxity are illustrated in Figure 2 .
Sensitivity, specificity, positive predictive value, and negative predictive value were determined for a positive Beighton score as a predictive tool for abnormal shoulder joint laxity tests. Spearman correlation coefficients (SCCs) were determined by comparing the Beighton score and each shoulder laxity test as continuous variables. Differences in mean laxity values between participants with a positive and negative Beighton score were assessed by use of a linear regression model (a generalized linear model for the sulcus sign) controlling for age and sex. Data analysis was conducted using SAS statistics software (v 9.4; SAS Institute).
RESULTS
Characteristics of the study participants are presented in Table 1 . Of the 160 participants, 55 (34%) had a Beighton score of 4 or higher, 25 (16%) of the participants had a positive value for standing external rotation, 29 (18%) had a positive value for lying external rotation, 18 (11%) had a positive value for abduction, and 30 (19%) had a positive sulcus sign. As expected, females were significantly more likely to have a positive Beighton score (odds ratio [OR], 3.8; 95% CI, 1.8-8.0). Positive values for external rotation, both standing (OR, 5.0; 95% CI, 1.6-15.4) and lying (OR 4.7; 95% CI, 1.7-13.1), and for abduction (OR 3.0; 95% CI, 1.0-9.7) were also more common in women. A positive sulcus sign was equally likely in men and women (OR, 1.0). Small but significant differences were found in the mean values for standing and lying external rotation and abduction between participants with a positive and those with a negative Beighton score (P .03). No difference was noted in the mean grade of sulcus sign between these groups.
The sensitivity, specificity, and positive and negative predictive values for a positive Beighton score as a predictive tool for abnormal individual shoulder laxity tests are presented in Table 2 along with the percentages of agreement between the Beighton score and these tests. Sensitivity was low for all laxity measures (range, 0.40-0.48), as were positive predictive values (range, 0.13-0.31). Specificity was moderate for all laxity measures (range, 0.66-0.69), and the negative predictive values were high (range, 0.81-0.90). When a positive value for either external rotation or abduction was regarded as representative of shoulder joint laxity (as was defined in the Instability Severity Index Score), the sensitivity (0.46) and positive predictive value (0.25) remained low. We also tested the effect of increasing 
DISCUSSION
This study demonstrates that the Beighton score is poorly correlated with specific measures of shoulder joint laxity, namely glenohumeral external rotation, abduction, and the sulcus sign. In the current study, a positive Beighton score provided little value in predicting abnormal shoulder laxity as defined by specific cut-off values published in the literature. 2, 6, 8, 23 SCCs comparing the Beighton score and each measure of shoulder joint laxity as continuous variables varied from 0.29 to 0.45. This is considered to represent weak to modest correlation. 26 These correlation coefficients were considered significant (P < .05 in each case). P values also confirmed a small but significant difference between mean values for external rotation and abduction between groups with a positive and negative Beighton score (Table  1) . This was consistent with the low levels of positive correlation presented.
The cut-off value for the diagnosis of GJL by use of the Beighton score was arbitrary, although a score of 4 or higher is most commonly cited in the literature. 27 Using a higher threshold value is expected to lower sensitivity but also to reduce the number of false-positive results. As stated, increasing the threshold for a positive Beighton score to 6 or higher resulted in only a small improvement in the positive predictive values and did not alter the study conclusions.
It is currently common clinical practice to record the Beighton score as part of the shoulder examination even though several previous studies have failed to demonstrate a clear correlation between the Beighton score and anterior and posterior glenohumeral joint translation.
14,25 Unfortunately, it is difficult to interpret these data because a wide range of normal laxity values have been reported, 1, 14 and the assessment of glenohumeral translation is associated with poor reliability. 13 For this reason, we compared the Beighton score with alternative measures of shoulder laxity.
The literature provides support for the tests used in our study. The ranges of glenohumeral external rotation and abduction have been shown in cadaveric studies to be limited by the inferior glenohumeral ligament, 6, 17 an important stabilizer of the shoulder joint. Other studies have shown the range of external rotation and abduction to be increased in participants with a history of shoulder instability. 4, 6 These movements can be assessed by practitioners with a range of clinical experience, with excellent intraexaminer and interexaminer reliabilities. 11, 15 The sulcus sign has traditionally been considered the best measure of inferior shoulder joint laxity. 1, 24 As with measures of anterior and posterior glenohumeral joint translation, a wide range of inferior translation is often reported and is not considered an abnormal finding. 16 However, one study, consisting of more than 1200 participants, found a sulcus sign of 2 or greater to be significantly associated with a history of shoulder instability. 8 Interexaminer reproducibility of the sulcus sign has also been reported to be excellent when low laxity values are equalized. 13 The current study has some limitations. First, the use of a convenience sample of participants, despite the broad inclusion criteria, may limit generalizability of the data. The proportion of participants with a positive Beighton score was higher than reported in most prevalence studies. 10, 21 This may reflect differences in the study population, who were all patients presenting to a specialist sports medicine clinic for the assessment of musculoskeletal injury. A population subset with high rates of joint laxity is appropriate for the aims of this study and does not change the nature of the conclusions drawn.
Second, the results may have been affected by observer error. No reproducibility data were provided as part of the study, although previous publications have provided validation for each of the tests used. As well, examination results were not subject to blinding. This introduces the potential for bias, but any bias is limited by the objective nature of the data.
Third, a gold standard measure of shoulder joint laxity is not available, which limited the ability to draw broad and clinically meaningful conclusions from the data. We are only able to comment confidently about relationships with the specific tests performed. These tests were chosen because they have received validation in the literature, as discussed. The sulcus sign was performed in neutral rotation only and not in external rotation, which is performed routinely by some practitioners to assess competency of the rotator interval. This study did not investigate the association between laxity measures and the risk of shoulder injury or the response to treatment (which includes failure of surgical stabilization). It is possible that the Beighton score may have an association with these important clinical variables, independent of a relationship with shoulder laxity.
Fourth, the study population consisted of asymptomatic participants in whom the Beighton score and measures of shoulder joint laxity have little clinical relevance. It is possible that a greater correlation would be found between the Beighton score and shoulder range of motion values in patients who have anterior or inferior shoulder instability or, particularly, in patients with multidirectional instability, among whom there are high rates of GJL. 19 The current study also has strengths. First, the number of participants included is much larger than in previous similar studies. 5, 14, 25 Second, the shoulder laxity tests performed have been validated in the literature with acceptable levels of reproducibility. Third, the tests were performed by a single examiner, which eliminates potential error from interexaminer variability.
CONCLUSION
This study adds to the literature investigating the relevance of the Beighton score to shoulder joint laxity. The data set provides evidence that there is poor correlation between the Beighton score and the validated measures of shoulder laxity performed, a finding that has implications for clinical practice. The Beighton score cannot be considered as an equivalent alternative to shoulder laxity tests. Clinicians should be cautious when using the Beighton score as part of the shoulder laxity examination and when using this information to plan the management of shoulder joint instability.
Future studies investigating the relationship between GJL and shoulder joint laxity should present reproducibility data and include blinding of examination results. Ideally, participants would be prospectively followed to see whether, irrespective of the relationship with shoulder laxity, the presence of GJL has implications for the risk of shoulder instability and subsequent management of this condition.
